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NOMENCLATURE 


AO forces and moments are refened to the body axis comdinate system with the moment 
center at die model base. Because the data are computer-plotted, both the conventional symbol and 
the plot ^mbol are given. 
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exposed base area on which acts 


axial force coefficient. 
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axial force coefficient Adjusted for base pressure equal to free-stream static 
Ak 

pressure, C^ + Cp^ — 

pitching-moment coefficient, P***-^*^ *jy**!?P* 
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normal force coefficient. 
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yawing-moment coefficient, 
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resultant center of ptessure position forward of body base, in body diam- 
eters 


base pressure coefficient, 
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resultant force coefficient, 
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side force coefficient,- 
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absolute value of Cy 
diameter at model base, 6.60 cm (2.6 in.) 
model length 

M; MACH free-stream Mach number 
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symbol 

Definition 
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free-stieam static pressure 

Pb 


base pressure 

R 


free-stream dynamic pressure 

Re 

Re 

free-stream Reynolds number, based on d 



ratio of blunted nose radius to model base radius 
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reference base area with diameter = d 

a 
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angle of attack 


PHI-T^ 



phi-fI 

angle of rotation of tip, forebody, and afterbody, respectively, clockwise 
looking upstream, deg 


phi-aJ 



Configuration Description; 

A_ afterbody with a fineness ratio given by — 

B_ bluntness ratio of tip given by — , — 

F_ forebody with a fineness ratio given by 
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INVESTIGATION OF THE ASYMMETRIC AERODYNAMIC CHARACTERISTICS OF 


CYLINDRICAL BODIES OF REVOLUTION WITH VARIATIONS IN NOSE 
GEOMETRY AND ROTATIONAL ORIENTATION AT ANGLES OF 
ATTACK TO 58° AND MACH NUMBERS TO 2 
Robert L. Kruse, Earl R. Keener, Gary T. Ch^man, and Gary Claser* 

Ames Research Center 


SUMMARY 


Wind-tutin J tests were conducted to investigate the side forces and yawing moments that can 
occur at hi^ angles of attack and zero sidedip for cylindrical bodies of revolution. Two bodies 
having several tangent opve forebodies with fineness ratios of 0.5, 1.5, 2.5, and 3.5 were tested. Tlie 
forebodies with fineness ratios of 2.5 and 3.5 had several bluntnesses. The cylindrical afterbodies 
had fineness ratios of 7 and 13. The model components — tip, forebody, and afterbody - were 
tested in various rotational portions about their axes of symmetry. 

Most of the tests were conducted at a Mach number of 0.25, a Reynolds number of 0.32X 10‘ , 
and with the afterbody that had a fineness ratio of 7 and with selected forebodies. The effect of 
Mach number was determined with the afterbody that had a fineness ratio of 13 and with selected 
forebodies at Mach numbers from 0.25 to 2 at Re = 0.32X10^. Maximum angle of attack was 58°. 

The configuration with the pointed forebody that had a fineness ratio of 3.5 developed an 
appreciable side force and yawing moment at high angles of attack, results similar to those of pre- 
vious tests. The side force increases to a maximum as angle of attack increases to about 50° and 
then decreases with further increase in angle. For the lower fineness-ratio forebodies, the side force 
is much lower over the angle-of-attack range tested (up to 58°) and is neariy zero for the fineness- 
ratio-0.5 forebody. Tests with the longer afterbody (fineness ratio of 13) showed that the side force 
first occurs in the angle-of-attack range of 12° to 17°, regardless of forebody slenderness. For this 
afterbody with the fineness-ratio-3.5 forebody, the largest increase in side force occurs above 30°, 
which is close to the onset angle for the forebody-alone data of previous tests. This implies that the 
largest side force occurs when the flow asymmetry on the body moves forward onto the forebody 
with increasing angle of attack. With increasing Mach number, the side forces decrease to near zero 
at Mach numbers of 1 .2 and 2. 

Bluntness produces mixed effects on the side forces and yawing moments, depending on the 
forebody fineness ratio and angle of attack. For configurations with large side forces, bluntness can 
result in large reductions in side force. For configurations with small side forces, bluntness can 
increase the side force. 


*ARO, Inc., Moffett Field, California. 



Rotation of the cfxnptete model, of the forel alone, of the foiebody tip section, or of the 

afterbody section can have a large effect on the side force for both the pointed and the blunted con- 
figurations. Changes in direction of side force can occur as many as eight times during a complete 
revolution. Thus, the effect of rotational position is important in tests of bodies at high angles of 
attack. 


INTRODUCTION 


When a body of revolution is pitched to hi^ angles of attack, a side force can occur at z.ro 
sideslip angle. This ade force occurs when the separation-induced vortex flow field on the lee side 
of the body becomes asymmetric. Sin<% the configuration of the body can play an important role in 
the stability and control characteristics of aircraft and missiles at high angles of attack, a compre- 
hensive wind-tunnel investigation was undertaken at Ames Research Center to obtain static ae: ly- 
namic data for body models. The tests included a wide range of forebody shapes, afterbody lengths, 
Reynolds numbers, and Mach numbers. Reports thus far generated from this test program are listed 
in references 1 to 12. 

Several previous experimental investigations have shown that small asymmetries in the nose-tip 
geometry have a strong influence on the asymmetric forces and moments at hi^ angles of attack 
(e.g., see ref. 1). These results indicated that it is important to test body models in various rota- 
tional positions. Consequently, one objective of the present experimental program was to systemati- 
cally investigate the effect of the rotational position of the body models. Circular bodies with 
removable tangent-ogive forebodies and nose tips were tested in several positions of rotation of the 
various body components. 

The fineness ratios of the tangent-ogive forebodies varied from O.S to 3.S and bluntness ratios 
varied from 8 to 50 percent of the maximum body radius. These forebodies were tested with a cir- 
cular afterbody having a fineness ratio of 7, similar to previous tests (refs. 2 and 8). To investigate 
the effect of afterbody fineness ratio, several of the forebodies were tested with an afterbody having 
a fineness ratio of 13. 

The investigation was conducted in the Ames 6- X 6-Foot Transonic/Supersonic Wind Tunnel. 
The tests for the effects of rotational position and of forebody configuration were conducted a a 
Mach number of 0.25 and a Reynolds number, based on base diameter of 0.32X10^. The fineness- 
ratio 1 3 afterbody was tested with several forebodies at Mach numbers un to 2. The angle-of-attack 
range was 28° to 58° for most of the tests and -2° to 58° fo*’ tests with the fineness-ratio 13 
afterbody. 


This report presents the basic data that show the effects of body rotational position, forebody 
fineness ratio, and afterbody fineness ratio on the aerodynamic characteristics of the body models. 



TEST FACILITY 


The experimental investigation was conducted in the 6* by 6-Foot Transonic/Supersonic 
Wind Tunnel at Ames Research Center. The tunnel is a variable pressure, continuous-flow facility 
providing continuous Mach number variation from 0.6 to 2.2 and a low-speed test condition of 
M - 0.25. The test section has a perforated floor and ceiling for boundary layer removal at transonic 
speeds. 


MODELS AND BALANCE 


A sketch of the model components used in the investigation is presented in flgure 1. Photo- 
graphs of the mode! installation in the tunnel are shown in figure 2. The forebodies were circular- 
arc tangent ogives with fineness ratios of 0.5, 1.5, 2.5, and 3.5. The forebodies with fineness ratios 
of 2.5 and 3.5 were of two designs; one forebody was made in one piece and the other forebody 
had a removable pointed tip which could be replaced with a blunted one. The blunted tips for the 
forebody with a fineness ratio of 2.5 had bluntness ratios, Rf,lRif, of 8, 20, and 50 percent. The 
cylindrical afterbodies had fineness ratios of 7 and 13 and a diameter of 6.60 cm (2.6 in.). The after- 
body could be rotated on the balance in 90“ increments. The one-piece forebodies had fineness 
ratios of 0.5, 1.5, 2.5, and 3.5 and could be rotated in 90“ increments. The two-piece forebodies 
with fineness ratios of 2.5 and 3.5 could be rotated in 45“ increments. The tips were secured with a 
setscrew and could be set at any rotational position. The junctions between each model component 
were carefully made to be rearward-facing stens less than 0.003 cm in height and without gaps. 

The zero rotation position = 0) for all of the components was arbitrarily selected. The con- 
figurations are referred to by a “5 F A ”or“F A ” identifier system where the numbers 

following B, F, and A are, respectively, the bluntness ratio, forebody fineness ratio, and afterbody 
fineness ratio. 

The models were sting-mounted tiirough the base on a six-component strain gage “Task” 
balance. 


TEST CONDITIONS AND PROCEDURES 


Two support systems were used in the tests. The low angle-of-attack system covered the 0“ to 
28“ range (fig. 2(a)) and the higli angle-of-attack system covered the 28“ to 58° angle-of-attack 
range (fig. 2(b)). Most of the tests were conducted on the high angle-of-attack system at a Mach 
number of 0.25 and a Reynolds number of 0.32X10* (based on model base diameter), using the 
afterbody with a fineness ratio of 7. A few tests were made at a Mach number of 0.6 and at Reyn- 
olds numbers of 0.32X10*, 0.43X10*, and 0.65X10*. In these tests, the afterbody with a fine- 
ness ratio of 7 was used with both the one-piece and two-piece forebodies. Since a remotely rotatable 
sting was not available, the model was tested in 90“ increments of roll angle by rotating the model 
on the balance. In addition, vhe nose tip, forebody, and afterbody sections were tested in 90° 
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increments of roll angle. Next, the two-piece forebodies were tested with the various blunt nose 
tips. Since the afterbody with a flneness ratio of 7 had previously been tested over the Mach 
number range of 0.25 to 2 (refs. 2 and 8), only the afterbody with a fineness ratio of 13 was tested 
with the one^)iece forebodies (flneness ratios of 3.5, 2.5, and 1.5) at several Mach numbers up to 2. 


DATA REDUCTION 


Six-component aerodynamic force and moment data were measured at each test condition. 
Static (mean) values of the data were determined by electronic Altering of the force and moment 
measurements that were at times unsteady. All data were reduced to coefficient form and referred 
to the body axis coordinate system. The base pressure was taken at one point in the model base 
cavity and was used to compute the base drag. This was subtracted from the total axial force bal- 
ance measurements so that the drag data presented are for forces ahead of the body base. 

Data repeatability for the principal parameters was estimated by reviewing repeat points and 
was as follows: 


a = ±0.03° % = ±0.06 Cff, = ±0.06 

Re = ±0.02X 10* Cy = ±0.04 C„ = ±0.04 

RESULTS AND DISCUSSION 


Experimental results, presented :i figures 3 to 28, show the effects of rotational position of 
the model components about their axes of symmetry and the effects ot Reynolds number, flneness 
ratio, Mach number, and bluntness on the side forces and yawing moments at zero sideslip. In fig- 
ures 3 to 18 only the side force coefficient Cy and yawing-moment coefficient are presented 
because the asymmetric forces and moments are of primary interest in these tests. In figures 19 
to 24 the results for Cy, C^, Cyy, C^, C^p, CPp, Cp - C^, and |Cj.|/C^ are presented for the tests 
with the afterbody with a flneness ratio of 13 at Mach numbers up to 2. The effect of blunting the 
nose tip is shown ir. figures 25 to 28. All data were machine plotted and faired. 


Effects of Model Component Rotational Position, 2-Piece Fineness-Ratio 3.5 Forebody, 

(BOF3.5A7) 

The pointed two-piece fcrebody of fineness ratio 3.5 (BOF3.5) was combined with the 
fineness-ratio-7 afterbody (A7) and tested on the high-anple support system (a= 28° to 58°) in 90° 
increments of roll at a Mach number of 0.25. Some lim. d tests of rotational effects were made at 
a Mach number of 0.6. 

Rotation of complete model- The effect of rotational position of the complete model at 
M = 0.25 and Re = 0.32X10* is shown in figures 3. Before discussing the effects of rotation, note 
that an appreciable side forc'' and yawing moment occur at high angles of attack at each roll 
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position. The side force a^d yawing moment increase to a maximum at a « SO** and then decrease, 
which is similar to the results of references 2 and 8 for a similar model. 

The effect of rotating the model is generally to change the sign (direction) of the side force 
and yawing moment for every 90** increment of rotation, except for an angle of 90°, where the 
force and moment values are intermediate between the maximum positive and negative values. At 
rotation angles of 0®, 180®, and 270®, the curves are generally similar in shape and magnitude. The 
data at a rotation angle of 90® indicate that the change from positive to negative values is sometimes 
progressive with roll angle, rather than instantaneous (i.e., occurring within a small increment in 
rotation angle). These data at various rotation angles show the usefulness of having a continuously 
variable rotation angle, preferably remotely controlled. 

Rotation of tip alone and tip plus forebody together— The effect of tip rotational position at 
M = 0.25 and Re = 0.32X10*, and at A/ = 0.6 and Re = 0.32X10*, 0.43X10*, and 0.65X10* is 
shown in flgures 4 to 7. Similar results, where the tip and forebody were rotated as a unit at 
M = 0.25 and Re = 0.32X 10* , are shown in flgure 8. 

Comparing figures 4 and 8, the changes in side force and yawing moment obtained when rotat- 
ing the tip only (figs. 4) are similar but not identical to the changes obtained when rotating the tip 
and forebody as a unit (figs. 8). There is also a similarity to the changes obtained when the model 
V as rotated as a complete unit (fig. 3). For all these data, the side forces and yawing moments are 
positive at zero rotation angle and change sign (direction) every 90® increment in rotation. Even the 
magnitudes of the side forces and yawing moments are approximately the same. This supports the 
findings in previous tests that the direction of the forces and moments is governed primarily by 
asymmetries in the body geometry in the forebody section, especially the nose tip. 

Results at a Mach number of 0.6 (figs. 5 to 7) are similar to those of figures 4, although the mag- 
nitudes of the side forces and yawing moments are less than at A/ = 0.25. The results of the variation 
of Reynolds number {Re = 0.32X10*, 0.43X10*, and 0.65X10*) at A/ = 0.6, shown in figures 5 
to 7, indicate that the magnitudes of side force and yawing moment vary with Reynolds number. 
The maximum measured* values of Cy and occur at Re = 0.43X 10* . 

Rotation of the afterbody— From the foregoing results, it was conjectured that the direction 
and magnitude of the side forces and yawing moments might not change much if the rotational 
angle of the tip section (or tip-and-forebody section) was held fixed (constant with respect to the 
balance axes) and the aft section was tested in four rotational positions on the balance in 90® 
increments. It was generally expected that small machining errors in a smooth, one-piece aftersec- 
tion should not greatly affect the asymmetric forces and moments when rotated. Further, it was felt 
that it was more likely that the results would be affected by small discontinuities at the junction. 

The effect of rotation of forebody and afterbody as a unit about their axes with tip fixed was 
determined from tests at A/ = 0.25. The tip was fixed at <t>T = 0, a value selected from the data of 
figures 4 because this angle gave typical variation of side force and yawing moment with angle of 
attack. These results are shown in figures 9. Similar tests were conducted at M - 0.6 and 
Re = 0.43X 10* with <t>T = 0, and those results are shown in figures 10. 


' The term “maximum measured” is used because higher values of side force and yawing moment might have 
occurred at other rotational positions that w:re not measured. 
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At both Mach numbers (figs. 9 and 10), the results of rotating the forebody and afterbody as a 
unit and holding the tip fixed are very different from the results of rotating the tip alone (figs. 4 -7). 
With tip fixed, the signs of the side forces and yawing moments are the same for rotation angles of 
0, 90®, and 180®, whereas, the signs for the data for rotating the tip (figs. 4 to 7) char.ged for every 
90® increment. Hence, the effect of this kind of rotation with the tip fixed was less than the effect 
of rotating the tip alone. However, the changes were not as small as expected and a large change in 
side force and yawing moment occurred at a rotation angle of 270®. 

The effect of rotating the afterbody with the rotational position of the tip and forebody held 
fixed as a unit is shown in figures 11 forM = 0.25. The changes with this kind of rotation with the 
forebody fixed are smaller than the changes from rotating the forebody alone (figs. 8). Again, the 
changes were not as small as expected and a large change in side force and yawing moment occurred 
at a rotation angle of 270°. 


Effects of Model Component Rotational Position, One-Piece Forebodies 

Since two one^iece forebodies (F2.5 and F3.S) were available from previous tests (refs. 2 
and 8), the effect of rotating these forebodies as well as the afterbody was investigated for compari- 
son with the results for two-piece forebodies, including the previous test results at zero roll angle. 
This comparison assesses the repeatability of the results for two forebodies having the same shape 
but one having a nose tip with possible junction effects on the local flow. Accordingly, the results 
of tests with configurations F3.5A7 and F2.5A7 at 3/ = 0.25 and Re = 0.32X10* are shown in 
figures 12 to 15. 

Fiiieness-ratio-3.5 forebody (F3.5A7)— The forebody of configuration F3.5A7 was rotated in 
45° increments, and Cy and are presented in figures 12. The variation of side force and yawing 
I lomcnt with angle of attack are similar to the results for the two-piece forebody. However, the 
side force and yawing moment are seen to change direction (sign) every 45° of rotation compared 
to every 90° of rotation for the two-piece forebody. Ap>>arently, small asymmetries in the geometry 
and junctions can trigger the vortex asymmetry to change sense (direction) up to at least eight times 
in a 360° rotation. 

These results show clearly that body models tested at high angles of attack should include 
several roll angles if the objective is to determine the maximum side forces and yawing moments. 

Tests were also conducted with the afterbody rotated in 90° increments but with the forebody 
angle fixed at = 270°; the forebody angle was selected because it resulted in the maximum mea- 
sured side force and yawing moment in figures 12. The results in figures 13 show that rotating the 
afterbody can induce large changes i.i the side force and yawing moment, similar to the effects with 
the two-piece forebody. 

Fineness-ratio-2.5 forebody (F2.5A 7)- The results of tests with the forebody with a fineness 
ratio of 2.5, positioned at 90° increments, are shown in figures 14. Note that the measured side 
force and yawing moment are less than for the forebody with fineness ratio of 3.5; however, the 
data give some indication that the maximum values might be larger at angles of attack greater than 
58°, the maximum angle of the test. 
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The effect of rotating the afterbody in 90“ increments with the fo»ebody angle fixed at 180“ is 
shown in figures IS. Note that the maximum side forces are larger when the afterbody is rotated 
than when the forebody is rotated (figs. 14). However, the side forces are smaller than for the fore- 
body with fineness ratio of 3.5. 

Fineness-ratio-1.5 and 0.5 forebodies (FI. 5 A 7 and F0.5A 7)- Results of tests of the forebodies 
with fineness ratios of 1.5 and 0.5, positioned at 90° increments in roll angle, are shown in fig- 
ures 16 and 17, respectively. Both the side forces and the yawing moments are smaU for th' 
fineness-ratio- 1.5 forebody and nearly zero for the fineness-ratio-0.5 forebody. 


Effect of Forebody Fineness Ratio 

As mentioned in the previous sections, the magnitude of the measured side force and yawing 
moment for the angle-of-attack range tested of 0“ to 58° is much lower for the lower fineness ratios 
and are nearly zero for the fineness-ratio-0.5 forebody. These data agree with previous findings 
(refs. 2, 3, and 8), namely, that forebody fineness ratio can have a laige effect on the magnitudes of 
the side forces and yawing moments. 


Tests with the Fi,.eness-Ratio-13 Afterbody 

References 2 and 8 present the results of tests with the fineness-ratio-7 afterbody at Mach 
numbers from 0.25 to 2 with the F2.5 and F3.5 one-piece forebodies. Consequently, the present 
tests were conducted at Mach numbers up to 2 with the fineness-ratio- 13 afterbody (A 13) attached 
to the forebodies with fineness ratios of 1.5, 2.5, and 3.5 (F1.5, F2.5, and F3.5, respectively). 

M = 0.25- Configurations F3.5A13 and F2.5A13 were tested first with the foreboclies in two 
rotational positions of 0° and 180“ at Af = 0.25. These results are shown in figures 18. Comparing 
these data with those for configurations with the shorter iineness-ratio-7 afterbody (F3.5A7 and 
F2.5A7, figs. 12 and 14), the variations of side force and yawing moment with angle of attack are 
similar. Also, the magnitudes are much larger with the fineness-ratio-3.5 forebody (F3.5A13) than 
with the fineness-ratio-2.5 forebody (F2.5A13), which is similar to the results for the fineness- 
ratio-7 afterbody configuration for the angle of attack and Reynolds number ra "-es tested. The 
side force did not change sign for these two roll angles. 

Effect of Mach number— Tests with configurations F3.5A13, F2.5A13, ana F1.5A13 were 
conducted at several Mach numbers up to 2.0 at angles of attack from -2° to 58°. The forebody 
rotational position, selected from the data of figures 18 for the maximum side force, was <t>F = 180“ 
for configuration F3.5A13, and <j>F= 0 for configuration F2.5A13. Since no forebody rotation tests 
were conducted with configuration F1.5A13, it was arbitrarily set at 0F= 0. The data are presented 
in figures 19 to 24. In addition to Cy and C^, several other coefficients are presented (C^, C^,, 

^AF' ~ /V^- 

Note in figures 19 that the side force at A/ = 0.25 is much smaller than that for the same test 
condition in figures 18. Evidently, these data were not repeatable, probably for some reason associ- 
ated with the particular roll position of the forebody. Because of limited time, the tests were not 
repeated at other Ibrebody roll positions. 
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The results show that the side forces and yawing moments decrease to nearly zero with increas- 
ing Mach number, which is similar to the previously reported results for the fineness-ratio-? after- 
body models. 

Angle of onset- Figures 19 to 24 include data at angles from -2° to 28", obtained on »he low- 
angle support system for the purpose of determining the onset angle of attack at which the side 
foi^e and yawing moment first occur. For the F3.5AI3 configuration (figs. 19). the onset angle is 
about 12" for both side force and yawing moment. However, note that the force and moment are 
not large until angles above about 32". The latter anj.ie is approximately the onset angle for the 
forebody alone side force and yawing moment determined in previous tests (ref. I). These data 
indicate that the side force and yawing moment occur from asymmetric flow over the afterbody but 
that they do not get large until the asymmetric flow reaches the forebody. 

For the configuration with the fineness-ratio-2.5 forebody (F2.5A13), the onset angle is in the 
range of 12" to 17" (figs. 22). This range encompasses the onset angle for the F3.5A13 configura- 
tion. For this fineness-ratio-2.5 forebody the onset angle for the forebody alone is about 42" 
(ref. 4); however, above 42" the side force and yawing moment do not increase prominently, as 
they do for the F3.5A13 configuration at angles of attack above its forebody onset angle of 32". 

For the configuration with the fineness-ratio- 1.5 forebody (F 1.5 A 13, figs. 23 and 24) the 
onset angle is also about 12", similar to the F2.5AI3 and F3.5A13 configurations. The side force 
and yawing moment are small until angles of attack above 45" where a moderate asymmetric force 
and moment occur at 3/ * 0.25. 

The foregoing results indicate that the forebody fineness ratio does not influence the onset 
angle of attack when the afterbody fineness ratio is large. 


Effects of Bluntness 

The two-piece forebodies (fineness ratios 3.5 and 2.5) were tested with blunt tips having blunt- 
ne.,s ratios from 4 to 50 percent of the base radius. Tests were conducted at M = 0.25 and at 
Re = 0.32 X 10* using the fineness-ratio-7 afterbody and the results are presented in figures 25 to 28. 
Again, Cy and are presented to show the effects of bluntness on the asymmetric forces and 
moments. 

Fineness-ratio-3.5 forebody- The effect of bluntness on the fineness-ratio-3.5 forebody is 
shown in figures 25. The asymmetric forces and moments are much smaller for the blunted config- 
urations. The largest incremental decrease in force and moment (about 50 percent in the peak 
value) occurs between the data for the pointed tip and the smallest blunted tip having only 4 per- 
cent bluntness. As the bluntness increases, the asymmetric force and moment generally decrease at 
angles of attack below about 45°. Above 45° the results are mixed and the most blunt configura- 
tion does not have the smallest asymmetric force and moment. 

Configuration B8F3.5A7 was tested with the 8-percent blunt tip in four rotational positions 
and these data arc presented in figures 26. There is a significant effect of rotation on the asym- 
metric force and moment. 
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Fineness-ratio-2.5 forebody- The effect of bluntness for the fineness-ratio-2.5 forebody is 
shown in tigui'is 27. When compared to the pointed configuration in figures 14, the side force and 
yawing moment are small for the pointed configuration and bluntness does not reduce the magni* 
tude further. In fact, at a = 55® the side force and yawing moment are increased by bluntness. 

Configuration B8F2.5A7, which had the 8-percent blunt tip, was tested in four rotational 
positions and these data are presented in figures 28. At angles of attack above 48° there is a small 
effect of rotation on the side force and yawing moment. 


CONCLUSIONS 


The following conclusions hav', been determined from a wind-tunnel investigation of the asym- 
metric forces and moments that occurred at high angles of attack and zero sideslip on two cylindri- 
cal bodies of revolution of different lengths having several tangent ogive forebodies of different fine- 
ness ratios and bluntnesses. 

The configuration with the pointed forebody having a fineness ratio of 3.5 develops an appre- 
ciable side force and yawing moment at high angles of attack similar to those found in previous 
tests. The side force increases to a maximum as angle of attack increases to about 50® and then 
decreases with further inciease in angle. For the lower fin-' less-ratio forebodies, the side force is 
much lower over the angle-of-attack range tested up to 58° and is nearly zero for the fineness- 
ratio-0.5 forebody. Tests with the lender afterbody havirg a fineness ratio of 13 showed that the 
side force first occurs in the angle-of-attack range of 12° to 17°, regai Mess of forebody slenderness. 
For this afterbody with the fineness-ratio-3.5 forebody, the largest increase in side force occurs 
above 30°, which is close to the onset angle for the forebody-?>one data in previous tests. This 
implies that the largest side force occurs when the flow asymr. 'ry on the body moves forward 
onto the forebody with increasing angle uf attack. With increasing Mach number the side forces 
decrease to near zero at Mach numbers of 1 .5 and 2. Bluntness produces mixed effects on the side 
forces and yawing moments, depending on the forcbody fineness ratio, angle of attack, and the 
degree of bluntness. For the large side force on the forebody having a fineness ratio 3.5 even the 
smallest b.'untness of 4 percent reduced the side force by as much as 50 percent; larger bluntness 
reduced the sio force further at angles of attack below 45°. However, for the smaller side force on 
the fineness-ratio-2.5 forebody, the side force can be increased by bluntness for some test 
conditions. 

Rotation of the complete model, of the forebody alone of the forebody tip section, or of the 
afterbody section can have a large effect on the side force for both the pointed and the blunted 
configurations. Changes in direction of side force can occur as many as eight times during a com- 
plete revolution. Thus, the effect of rotational position is important in tests of bodies at high angles 
of attack. 


Ames Research Center 

National Aeronautics and Space Administration 

Moffett Field, California 94035. October 10. 1978 
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Fiaurc I . Model components. 
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tiiurc 2, Typical inoilc! iiHtallution in the Ames 6 by 6-Toot Wind 




ihJ ThavHjujrU” iVotii \icv>, coniijiunilioii BOr^.^A". hi.sili iniL'k'-oKiH.k'k support 
ssssssssssssssiiiii;|;|i;|;|g 


I igtirc 2. ( ondtulcti. 


DATA SET SYMBr. CONTiCyaAT iuw PHI-T PMI-f PHI-A HACM 

BJ0016 O BO r3.9 A7 .000 .000 .000 .£! 

rjoopo □ B. 3.9 A7 90.000 90.000 90.000 .9! 

rjQ02l O . 3,5 A7 too. 000 IBO.OOO 190.000 .St 

^JOO^^ A BO F" A7 970.000 970.000 970.000 .9! 
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Figure 3.- Fffect of tip, forebody, and afterbody, rotated as a unit, BOF3.5A7, Re = 0.32X10*. 


DATA SCr SYMBOL CONTICURATION FHt-T PHl*r PHI-A 

BJQ016 G BO rS.S hi *000 .000 .000 

rjooao □ BO rs.s a7 90.000 90.000 90.000 

rjQOPI o BO F3.5 A7 180.000 180.000 180.000 

fJQOaa A BO F3.5 A7 870.000 870.000 870.000 
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I’iglire 3.-- ('oncluded. 




DATA SET SYMBOL CONFIGURATION PHI-T PHI-F PHI -A MACH 

BJQOOa o BO F3.5 A7 .000 .000 .000 

BJQOOH □ BO F3.5 A7 90.000 .000 .000 .W 

BJQQ06 O BO F3.5 A7 <80.000 .000 '..00 

BJQOOe A BO F3.S A7 870.000 .000 .000 


(D 


OOOO 



^0 


Figure 4.— Effect of tip rotation, BOF3.5A7, forebody and afterbody fixed, Re = 0.32X10*. 


DATA SET SYMBOL COTIOURATION PMI-T PHI-f 

BJQOOe O BO F3.S A7 .000 .000 

BJQOOH □ BO F3.5 A7 90.000 .000 

BJC006 O BO F3.5 A7 180.000 .000 

BJQ008 A BO F3.5 A7 870.000 .000 
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Figure 4.- Concluded 



data set symbol cot#' I curat ion PHl-T PHI-r PHI-A HACM 

BJQOOl o ro F3.5 A7 .000 .000 .000 .600 

BJ0003 □ BO F3.S A7 90.000 .000 .000 .600 

BJQ005 O BO F3.S A7 180.000 .000 .000 .600 
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Figure 5.- F.ffect of tip rotation, BOF3.5A7, forebody and afterbody fixed, Re = 0.32X10' 




DATA S£T SYMBOL CONFIGURATION PMI-T PHI-F 

BJQOOt O BO F3.5 A7 .000 .000 

BJQQ03 □ BO F3.5 A7 90.000 .000 

BJQ005 O BO F3.5 A7 180.000 .000 

BJQ007 A BO F3.S A7 a70.0QO .000 
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•igurc 5, Concluded 




DATA SCT SYMBOL CQNT (CURAT ION PHI-T PM(-r PHI -A MACH 

ejQQOt O 60 P3.5 A7 .000 .000 .000 .600 

BJQ003 □ BO F3.5 A7 90.000 .000 .000 .600 

BJQ005 O BO F3.S A7 160. OOU .000 .000 .600 

BJQ007 A 00 T3.S A7 870.000 .000 .000 .600 
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Figure 6.- Effect of tip rotation, BOF3.5A7, forebody and afterbody fixed, Re = 0.43X10*. 



DATA SET SYt«QL CONTICURATION PHI-T PHI-F PMI-A HACH 
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1 i^iurc 6. Concluded. 


DATA SET SYMOa CONTIGURATION PHI-T PHI-F PHI -A HACH 

BJQOOl O BO F3.5 A7 .000 .000 .000 .600 

BJ0003 □ BO F3.5 A7 90.000 .000 .000 .600 

BJOOO^ O BO F3.S A7 ISO. 000 .000 .000 .600 

BJQ007 A BO F3.5 A7 270.000 .000 .000 .600 
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Figure 7.- Hffect ot tip rotation, BOF3.5A7, forebody and afterbody fixed, Re = 0.65X10*. 


OAIA SET SrmOL CONTtGURATION PHI-T 
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Figure 7.- Concluded. 


DATA SCT SYMBOL CONTIOURATION Wl-T PHt-f PMI-A 

B.JQ016 Q 80 r^.5 A7 000 .000 .000 

rjooi 7 n eo rs.s a 7 so.ooo so.ooo .000 

FJOOie <> 80 F3.5 A7 180.000 100.000 .000 

rjQOlS A 80 F3.5 A7 u 70.000 r70.000 .000 
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I'itjUirc 8. l■ITcct ol' tip ami forcbocly rotation, BOF3.5A7, afterbody fixed, Re - 0.32X 10*. 
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I'igiirc 8. Concliicled. 



I'igurc 9. lilTcct of forcbocly Jind afterbody rotation, BOF3.SA7, tip llxcd, Re - 0.32X 10 



^iguiv 9. Concluded. 



DATA S£T SYMBOL CONTIOURATfON PMI-T PH\-f PHI-A KACH 

BJQQQl O BO T3.5 A7 .QOQ .000 .000 .60^ 

rjQQOS □ PO T3.5 A7 .000 90.000 90.000 .600 

rsX^Oll O BO T3.5 A7 .000 180.000 180.000 .600 

rjQ013 A BO r3.5 A7 .000 P70.000 870.000 600 
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Figure 10. FITect of forebody and afterbody rotation, BOF3.5A7, tip tlxed, Re - J.43X10* 


data set COKTIOJRATION PMI-T PH|-T ^Ml-A HACH 

BJQOOt Q BO ri.5 A7 .000 .000 *000 .600 

rjOOC9 0 BO T3.5 A7 .000 90.000 90.000 .600 

rxon o eo rs 5 A7 .000 tao.ooo 18O.000 .600 

FJOOI3 BO rz 5 A7 .000 e70.C00 ^70.000 .600 
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Hgurc 10. Concluded. 


DATA SET SYMBOL CONF lOURAT ION PMI-T PHI-f PHI -A HACH 

FJQOIB O eo F3.5 A7 180.000 180.000 .000 .8S0 

rJOO?^ □ BO F3.5 A7 180.000 180.000 90.000 .890 

rjOA?l O BO F3.5 A7 180.000 180.000 180.000 .860 

rj0083 A 60 F3.5 A7 180.000 180.000 870.000 .850 



30 


Figure 1 1. - Fft'cct of afterbody rotation. BOF3.5A7, tip and forebody fixed, Re = 0.32X10*. 


DATA SET SYMOa COTIGURATrON PHI-T PH!-r PHl-A 

rjooie o BO rs .5 a? leo.ooo leo.ooo .000 

FJOOaH □ BO F3.3 A7 IBO.OOO 1BO.OOO 90.000 

rjQA?) o BO F3.5 A7 180.000 IBO.OOO 100.000 

FJC0B3 A BQ F3.5 A7 IBO.OOO 100.000 070.000 



Figure II. Concluded. 
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1 it’ll R' 1 2. I ri'ect of torcbody rotation. F3.5A7, afterbody fixed. Re = 0.32X 10*. 




DATA SET SYMBOL COfT I OURAT I ON PMI-F 

BJQOka Q F3.5 A7 tSO.OOO 

BJQ0S3 O F3.5 A7 PPS-OOD 

BJQOH^ O rj.5 A7 270.000 
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Figure 12. Continued. 


data set SYTOOL COtriOURATlON PHI-T PHI -A 

BJQO<«a O rs.S A7 180.000 .000 

BJQOHS □ F3.5 A7 8P5.000 .000 

BJOOH^ O T3.5 A7 870.000 .000 

BJQ0H5 A F3.5 A7 315.000 .000 
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Figure 1 2.- Concluded, 
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Figure 13. HITect of afterbody rotation, F3.5A7, forebody fixed. Re = 0.32X10*. 



DATA SET SYHBOL C(»riCiURATION PHI-T PHI-A 






U 
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Figure 13. Concluded. 
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I iisiiiv 14. l.lTcct ol' I'orcboily rotation, f'3..SA7, al'lcrboily I'ixcd. = 0,,^2X 10'’ 
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I'igurc 14. v'ontiiniod. 
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I i^urc 14. ( Onlinucd. 
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f 14. ( ondudctJ. 



DATA SET SYfQOt CONFrOURATION PHI-f PHI-A 
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I ijuia* IS. I Ik'ct ol altcrbody rotation. 1-2. 5A7, I'orcbody fixed, Re = 0.32X 10'*. 


DATA 5CT SYMBOL COT#* lOURAT ION PH?-r PHI -A 

BJ0056 O F5.5 A7 I BO. 000 .000 

FJQ0S9 □ r^.5 A7 180.000 90.000 

FJ0060 O F8.5 A7 180.000 100. OCO 

FJ0061 A Fe.5 A7 180.000 870.000 
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figure 15. Concluded 



DATA SCT SYt«OL CrFlOURATION PHI-A HACH 
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l-.f feet of forcbody rotation, FI .5A7, afterbody tlxed. Re = 0.32X 10* . 


DATA S£T SYWea COTICURATION 
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Figure 16. - Concluded 



data set SYf«a COrriOURATION PMI-P PH!*A MACH 

BJQ033 O rO.S A7 .000 .000 .0! 

BJ003‘I Q ro.S A7 90.000 .000 . 8 * 

BJQ035 O ro.S A7 IBO.OOO .000 .et 

BJQ036 A ro.S A7 270.000 .000 .2! 
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Figure 1 7. I ffcct ol' forcbody rotation, F0.5A7, afterbody fixed, Re = 0.32X 10* 



Figure 1 7. - Concluded 
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Figure 18. - Kffect of forebody rotation, F2.5A13 and F3.5A13, Re = 0.32 X 10* . 


PHI-r PHJ-A HACM 
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Tigurc 18. - Concluded. 


DATA set SYMBOL CONFIGURATION PMI-F PHI-* MACH 

CJ0U5 O F3.5 A13 180.000 .000 .^50 

Cv«M6 Q F».5 AI3 180. COO .000 .600 

0JQO88 O '3.5 A13 180. COO .000 .800 

CJQM9 A F3.5 A13 IBO.OOO .000 .900 
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I tTect of Mach number, F3.5A 1 3, subsonic, Rc - 0.32X 10^ . 
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1' inure 1^. Continued. 
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Figure 19, (’ontinuctl. 



mta scr iima. coM’iomtion mi-r mi>A 
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f iyurc 19. Continued. 




54 





( 0 Cf^ - C’yy and ICyl/Cf^ vs a. 


DATA SET 9imCL COHrUWRATION 
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Figure 20.- Hffect of Mach number, F3.5A13, supersonic, Re - 0.32X10*. 



DATA set SYHBQL CONFIGURATION 




DATA ser $Yf«Qt CONTIOURATIQN PHt*f PHI -A 
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Figure 20.- Continued. 



DATA SCT SVMBa COTIOURATION PH\^f FHI«A HACH 

BJQOei Q ^3.5 AI3 160.000 .000 1.600 

cooiao □ F3.9 AI3 160.000 000 1.600 

CJQI61 O r3.6 A13 160.000 .UOO 6.000 



Figure 20.- Continued. 


DATA SET Sn«QL CONTIOORATION PH\-f PH»«A 
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Figure 20.- Continued. 




DATA SCT SYHBOt COmOURATION PHl-f PH1*A HACH 

BJ008t Q F3.5 AI3 180.000 .000 1.800 

CJC180 □ F3.5 AI3 100.000 .000 1.500 

CJQtai O F3.5 A13 leO.OOO .000 8.000 
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Figure 20.- Concluded. 
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Figure 21,- Fffcct of Mach number, F2.5A 1 3, subsonic, /?e = 0.32X10*. 



OATA set Str«OL C(»r ICURATION PHI^ PHI-A K'\CH 

CJQia? Q FP.5 At3 .000 .000 .^SO 

CJQIP3 □ ra.5 A!3 .000 .000 .600 

BJ0097 o re. 5 A13 .000 .000 .800 

BJQ096 A ra.6 AI3 .000 .000 .900 
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Figure 2 1 Continued. 




OA7A Str SYNBa COrrtGljRATION PMJ-r PMI*A HACM 

cjQtaa Q ra.5 ai3 .000 .000 .aso 

cjQias □ ra,5 A13 .000 .000 .6^.'* 

BJQ 097 o ra.S A13 .000 .000 .80U 

BJ0098 A ra.5 A13 .000 .000 .900 



No 
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Figure 2 1 Continued. 



DATA SET SYT«OL COT (GURATtON PHl-f PHf-A 
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Figure 2 1 . - Continued. 
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Figure 21. - Continued, 
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•igurc 21.- Concluded. 
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Mgiirc 22. l-ilTcti of Mach number, K2.5AI3, supersonic. Ale = 0.32X10*. 





DATA SCT SYteOL CQ»C t OURAY ION PNl*r FH1«A 
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I'igurc 22. Coni'iuicd. 
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iuiire 22. C ontinued 
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Continued. 





DATA SCT SYim. CQNFIOURAtlON 
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Figure 
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DATA SET SYMBOL CCBTIOURATtON PHI*r BHI*A 
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Figure 23.- Continued. 



DATA SET SYM0X CO^T! OURAT I C3N PHl-f PHl-A HACK 
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Figure 23.-- Continued. 




DATA SCT SYHBOt COITtOURATIQN PHI-f f*Ht«A 

CJQ108 Q ri.9 AI3 .000 . 000 

CJ0I09 □ n.5 A13 .000 .000 

BJQI06 O n.5 AI3 .000 .000 

CJQlt^ A n.5 AI3 .000 .000 
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Figure 23.- Continued. 



DATA SCT SYMBOL CONFIGURATION PHI-F PHI -A I 

CJQ108 O ri.5 A13 .000 .000 .«0 

CJ0109 O FI.SA13 .000 .000 .600 

8JO106 O FI.SAtS .000 .000 .800 

CJCm^ A FI.5AI3 .000 .000 .900 



Figure 23.- Continued 





tMTA *- SrmOL CONFIGURATION 



2? Concluded. 





DATA SCT SVmt CUNTIOllRAT ON PNI-F PHr-A KACH 
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ritiiirc 24. i rt'c';l ol Much number, F1.5AI3. supersonic, /?<' = 0.32X10'’. 
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Higure 24. Continued. 
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I'iyuro 24.- Continued 
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I'ittuiv 24. Contimiccl. 
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Hgurc 24.- C ontinued 



DATA 5CT SYMBOL COT lOUBATION PHt^F PHI -A 
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Imjuml' 24. Conclude ! 
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Mgurc 25. Concluded 
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Figure 26.- Effect of rotation of blunted tip, B8F3.5A7, forebody and afterbody fixed, Mach 



DATA SET SYMBOL CONFIGURATION PHI-T PHI-f RHI-A 
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I'igurc 26. Concludeci. 




DATA SET CYMBOL CONT IGURATION PHI-T PMI^F PHl-A MACH 

rjoo7o Q B8 ra.5 a? .000 .000 .000 

BJQ075 a 820 ra.S A7 »000 .000 .000 .2! 

BJQ076 o B50 ra.S A7 .000 .000 .000 .2! 
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f'igure 27. f lTcct of bluntncss, blunted 1*2. 5A7, Mach number = 0.25, Re = 0.32X 10^. 


DATA SET SymOL COmOURATION PHI*T PMI-T 

rj0070 Q Be F2.5 A7 .000 .000 

BJQ07S □ Beo ra.S A7 .000 .000 

BJ0076 o B50 re. 5 A7 .000 .000 
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igiirc 27. Concluded 
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F igurc 28.- F:ifect 
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Figure 28.- Concluded. 


